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Abstract 
Various kinds of polyphenols with catechol groups are broadly found in food and they 
are daily consumed by human. Furthermore, there are numerous reports that 
polyphenols have various beneficial bioactivities to human health. However, it is still 
unclear how much polyphenols with catechol group are absorbed after oral 
administration and contribute to express the bioactivities in vivo. In this study, I focused 
my interest on the absorption and bioactivities of polyphenols with catechol groups, 
piceatannol, (-)-Epigallocatechin-3-O-gallate (EGCG) and their analogs. I have 
investigated and evaluated their oral absorption in rats, and the effect on the glucose 
tolerance by these polyphenols. These experiments revealed that the methylation on 
catechol group of EGCG remarkably change the pharmacokinetics by affecting 
absorption and the distribution volume. Further, it was clarified that the absorption of 
piceatannol, which have a catechol group, is superior to that of resveratrol, which have 
no catechol group. These results suggested the presence of catechol group have impact 
on absorption, and on the strength of bioactivity in vivo. My results also demonstrated 
that, on the process of absorption, piceatannol was metabolized to isorhapontigenin. 
Isorhapontigenin is a piceatannol analog which is methylated at the position of catechol 
group. Further, only piceatannol have enhanced glucose tolerance of rats, but 
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Isorhapontigenin have not. These findings indicated that methylation on catechol group 
of piceatannol may attenuates its bioactivity. My results showed that the modifications 
of catechol groups in polyphenols affects the strength of their bioactivities thorough the 
various steps after oral administration such as absorption, distribution and activities 
itself. These knowledges may help to predict the absorption and bioactivities on the 
basis of polyphenolic structure. 
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Abbreviations 
ANOVA          analysis of variance 
AUCs           the areas under the concentration–time curves  
BW           body weight 
C0           speculated concentration at 0 h 
COMT           catechol-O-methyl transferase 
ECD           electrochemical detector 
EDTA           ethylenediaminetetraacetic acid  
EGCG           (-)-Epigallocatechin-3-O-gallate 
EGCG3′′Me    (-)-Epigallocatechin-3-O-(3-O-methyl)gallate 
EGCG4′′Me    (-)-Epigallocatechin-3-O-(4-O-methyl)gallate 
iv           intravenously 
LOD           the limit of detection  
LOQ           the limit of quantitation  
po           per os 
T1/2           the half-lives 
UFLC           ultra-fast liquid chromatography 
Vd           apparent distribution volume of central compartment 
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General Introduction 
Various phenolic compounds are included in the food as secondary metabolites of the 
plants[1]. Especially, phenolic compounds which have plural hydroxyl groups are 
generally called “polyphenols”. Polyphenols have various functional molecular groups. 
Catechol group is one of the groups having some functions. Catechol group consist of a 
benzene ring and two hydroxyl groups next to each other, and it has strong antioxidant 
activity [1, 2]. Antioxidant activity, capacity to scavenge active oxygen, is known to be 
important to prevent various chronic diseases [3]. On the other hands, catechol group is 
also known to be methylated by catechol-O-methyl transferase (COMT) [1, 4]. COMT 
is broadly expressed in various organs [5, 6] and is related to the metabolism of 
catecholamine, catechol estrogen and polyphenols with catechol groups. Even though 
the metabolism of endogenous catechol, catecholamine and catechol estrogen, is well 
documented, the metabolism and absorption of many polyphenols with catechol groups 
are unclear. One of the reasons of that is that the skeletal structure of polyphenols has 
multiplicity and are classified various types in the point of molecular weight and fat 
solubility. These properties are not negligible to consider absorption and 
pharmacokinetics in vivo, because the efficacies of absorption were generally dependent 
on its molecular weight and fat solubility and other factors [7].  
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On the basis of their skeletal structures, polyphenols can be classified flavonoid, 
stilbenoid, phenylpropanoid and others [1, 8]. In almost polyphenol classes, polyphenols 
with catechol group are found, and there are numerous studies for bioactivities and 
health benefits of intake of these polyphenols. For instance, improvements of the lipid 
metabolism [9], remove of the active oxygen [10, 11], anti-allergic effect [12], and 
enhancement of glucose tolerance [13] are reported. Until the expression of these 
bioactivities, orally administered polyphenols having catechol groups have to overcome 
some important steps for pharmacokinetics (absorption, metabolism and distribution). 
However, there are limited studies that focus on absorption and bioactivities the 
methylation of polyphenols with catechol group. It is still unclear how much 
polyphenols with catechol group are absorbed and which polyphenols, intact polyphenol 
or its methylated metabolite, contributes to the bioactivities in vivo. Here, I focused on 
my interest on the absorption and bioactivities of polyphenols with catechol groups. In 
this study, I will clarify the absorption and bioactivities of 
(-)-Epigallocatechin-3-O-gallate (EGCG), which is found in green tea, and piceatannol, 
which is found in passion fruit seed, in rats. 
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General discussion 
In this study, I elucidated how much polyphenols with catechol groups are absorbed 
using with EGCG, piceatannol and their analogs as representatives. My results 
demonstrated that modification of catechol groups in polyphenols affected the 
pharmacokinetics. In the case of EGCG (Chapter 1), the change of pharmacokinetics is 
dependent on methylated position at the catechol group and may affect the strength of 
bioactivities. Especially, methylation on the 3’’position in EGCG molecule drastically 
elevated the blood concentration of intact form in comparison with methylation on the 
4’’position or no methylation, because the methylation on the 3’’position enhanced 
absorption and decreased volume of distribution. On the other hand, in the case of 
piceatannol (Chapter 2), the absorption of it was superior to that of resveratrol, which 
has no catechol group. These results for EGCG3′′Me and piceatannol suggested that one 
‘simple’ catechol group is enough for effective absorption, because both EGCG3′′Me 
and piceatannol demonstrate the best absorption among the same skeletal structure in 
this study, and they have one catechol group at D ring at EGCG3′′Me and at B ring of 
piceatannol, respectively. Both resveratrol and EGCG4′′Me, respectively, have no 
catechol group in the equivalent ring, and EGCG have catechol group composed of 3 
hydroxyl group in D ring. Further detailed investigations are required to elucidate the 
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hypothesis about the effective absorption in polyphenols with catechol group. 
Next, I have also clarified which polyphenols, intact polyphenol or its methylated 
metabolite contributes to the bioactivities in vivo. As a representative polyphenol with 
catechol group, piceatannol and its methylated metabolite, isorhapontigenin, were used 
in the glucose tolerance test (Chapter 3). On the glucose tolerance test, it was revealed 
that only piceatannol have the potential to enhance glucose tolerance, and 
isorhapontigenin did not. These results has indicated that methylation on catechol group 
in polyphenols change its bioactivity drastically.  
In conclusion, I elucidated the absorption of EGCG, piceatannol and their analog as 
representatives of polyphenols with catechol groups, and my results suggested that the 
catechol group in polyphenols may be important for effective absorption in rats. 
Furthermore, in comparison of piceatannol and isorhapontigenin, it was clearly shown 
that the bioactivities are affected by the metabolism. These results indicated that the 
modifications of catechol groups in polyphenols affects the strength of their 
bioactivities thorough the various steps after oral administration such as absorption, 
distribution and activities itself. Results in this study may help to predict the absorption 
and bioactivities on the basis of polyphenolic structure. 
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